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I .  INTRODUCTION 

The United S t a t e s  has  v a s t  r e s o u r c e s  of  energy  i n  t h e  form of c o a l .  One 
method of  d i s t r i b u t i n g  t h i s  energy  s o u r c e  t o  t h e  consumer is t o  g a s i f y  t h e  
c o a l  and d i s t r i b u t e  t h e  g a s  through t h e  e x i s t i n g  n a t u r a l  g a s  p i p e l i n e  
d i s t r i b u t i o n  system. However, raw s y n t h e s i s  g a s  from a c o a l  g a s i f i e r  i s  not  
of  s u f f i c i e n t  p u r i t y  and does  not  provide  h e a t i n g  v a l u e  s u i t a b l e  f o r  use  
d i r e c t l y  a s  s u b s t i t u t e  n a t u r a l  g a s  (SNG). The s y n t h e s i s  g a s  produced by a 
c o a l  g a s i f i e r  r e q u i r e s  e x t e n s i v e  p u r i f i c a t i o n  and upgrading  b e f o r e  i t  c a n  be 
in te rchanged  w i t h  n a t u r a l  g a s .  The c u r r e n t  raw g a s  c o n v e r s i o n  sys tems were 
not  s p e c i f i c a l l y  des igned  w i t h  t h e  p r o d u c t i o n  of p i p e l i n e  q u a l i t y  g a s  from 
c o a l  i n  mind. P o t e n t i a l l y ,  s i g n i f i c a n t  c o s t  r e d u c t i o n s  could  r e s u l t  f rom t h e  
development of a n  improved, i n t e g r a t e d  p r o c e s s i n g  sys tem.  

As  p a r t  of t h e  s t r a t e g i c  o b j e c t i v e  of improving r e l i a b i l i t y ,  o p e r a b i l i t y ,  or 
reducing  g a s  c o s t s  of  c o a l  g a s i f i c a t i o n  p r o c e s s e s ,  t h e  Gas Research I n s t i t u t e  
(GRI) i s  developing  a new p r o c e s s  f o r  c o n v e r t i n g  s y n t h e s i s  g a s  t o  SNG. The 
key t o  t h i s  p r o c e s s  i s  t h e  development of a s u l f u r - r e s i s t a n t ,  d i r e c t  
methanat ion c a t a l y s t .  P r e l i m i n a r y  c o s t  e s t i m a t e s  show t h a t  t h e  d i r e c t  
methanat ion  p r o c e s s  could  d e c r e a s e  c a p i t a l  c o s t s  by o v e r  20% and o p e r a t i n g  
c o s t s  by l o % ,  r e s u l t i n g  i n  g a s  c o s t s  s a v i n g s  of  about  15% o v e r  
s t a t e - o f - t h e - a r t  methanat ion  and combined s h i f t - m e t h a n a t i o n  p r o c e s s e s .  

11. METHANATION PROCESSES 

A c o n v e n t i o n a l  g a s  p r o c e s s i n g  sys tem,  a s  shown i n  F igure  l A ,  i n c l u d e s  gas  
quench,  water-gas  s h i f t ,  g a s  c o o l i n g , a c i d  g a s  removal ,  methanat ion ,  
d e h y d r a t i o n ,  and compression.  These clean-up p r o c e s s e s  produce s e p a r a t e  
s t r e a m s  t h a t  r e q u i r e  f u r t h e r  p u r i f i c a t i o n  s o  t h a t  by-products ,  such  as S u l f u r ,  
phenols ,  ammonia, BTX, and t a r s ,  can  be i s o l a t e d  f o r  s a l e  whenever p o s s i b l e .  
The g?s quench u t i l i z e s  o i l  and/or  water  t o  c o o l  t h e  raw g a s  and t o  remove 
p a r t i c u l a t e s ,  t a r s ,  and o i l s ,  and o t h e r  c o n d e n s i b l e  components. 

Water-gas s h i f t  (Equat ion  1) is r e q u i r e d  t o  a d j u s t  t h e  H2/CO r a t i o  t o  o v e r  3 - 
CO + H20 - H2 + CO2 1 )  

as needed f o r  methanat ion .  Added s team r e a c t s  w i t h  t h e  carbon monoxide t o  
produce t h e  r e q u i r e d  hydrogen. The use  of new s u l f u r - i n s e n s i t i v e  s h i f t  
c a t a l y s t s  show a n  economic advantage  by a l l o w i n g  t h e  s h i f t  p r o c e s s  t o  be 
upstream of t h e  g a s  c o o l i n g  and a c i d  g a s  removal  sys tems.  The a c i d  gas  
removal system removes water,  carbon d i o x i d e ,  and s u l f u r - c o n t a i n i n g  
compounds. The c u r r e n t  methanat ion  p r o c e s s  u s e s  n icke l -based  c a t a l y s t s  f o r  
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c o n v e r t i n g  (methanat ing)  c a r b o n  monoxide and hydrogen t o  methane (Equat ion 
2 ) .  A f t e r  methanat ion ,  d e h y d r a t i o n  i s  r e q u i r e d  t o  remove t h e  w a t e r  formed 

I 

d u r i n g  m e t h a n a t i o n ;  a f t e r  which t h e  g a s  i s  compressed t o  p i p e l i n e  s t a n d a r d s .  I1 

Nickel  c a t a l y s t s  have demonst ra ted  t h e i r  e f f e c t i v e n e s s  f o r  conver t ing  
s y n t h e s i s  g a s  t o  methane. However, t h e r e  are  v e r y  s t r i c t  p r o c e s s  r e s t r i c t i o n s  
f o r  s u c c e s s f u l  u s e  of  n i c k e l  c a t a l y s t s .  S a t i s f y i n g  t h e s e  r e s t r i c t i o n s  can 
r e q u i r e  p r o c e s s  s t e p s  t h a t  a r e  c o s t l y .  A major  r e s t r i c t i o n  of n i c k e l  I 

c a t a l y s t s  arises from t h e i r  extreme s e n s i t i v i t y  t o  poisoning  by s u l f u r  
compounds t h a t  are a lways  p r e s e n t  i n  coa l -der ived  s y n t h e s i s  g a s .  Although 

g a s  processed  by n i c k e l  c a t a l y s t s  must be p u r i f i e d  t o  0.1 ppm s u l f u r  t o  avoid 
i r r e v e r s i b l e  p o i s o n i n g  o f  t h e  c a t a l y s t .  The n i c k e l  c a t a l y s t  c a n  a l s o  be 
i r r e v e r s i b l y  poisoned by carbon f o u l i n g ,  u n l e s s  t h e  hydrogen/carbon monoxide 

Nicke l  c a t a l y s t s  are a l s o  d e a c t i v a t e d  a t  h i g h  t e m p e r a t u r e s  (above 950°F), 
such  a s  t h o s e  t h a t  can o c c u r  dur ing  t h e  exothermic  methant ion  r e a c t i o n .  
Nickel  c a t a l y s t s  c a n n o t  be exposed t o  oxygen a f t e r  a c t i v a t i o n .  They r e q u i r e  
s p e c i a l  h a n d l i n g  and p r e t r e a t m e n t  procedures  t o  m a i n t a i n  r e a c t i v i t y .  

Improvements t o  t h e  c o n v e n t i o n a l  methanat ion  p r o c e s s  are  t h o s e  embodying 
combined s h i f t - m e t h a n a t i o n ,  s u c h  as t h o s e  developed by Conoco, R. M. Parsons ,  
United C a t a l y s t ,  I C I ,  and UOP. These p r o c e s s e s  u t i l i z e  t h e  w a t e r  formed i n  
methanat ion  f o r  water-gas  s h i f t .  (Equat ions  1 and 2 s i m u l t a n e o u s l y . )  A 
combined s h i f  t - m e t h a n a t i o n  p r o c e s s  i s  shown i n  F i g u r e  1 B .  S ince  nickel-based 
c a t a l y s t s  are used,  removal  of  s u l f u r  i s  r e q u i r e d  p r i o r  t o  s h i f t - m e t h a n a t i o n .  
A l l  the  combined s h i f t - m e t h a n a t i o n  p r o c e s s e s  r e q u i r e  s team a d d i t i o n  f o r  
s t o i c h i o m e t r y ,  t e m p e r a t u r e  m o d e r a t i o n ,  and/or  t o  prevent  carbon format ion .  An 
a d d i t i o n a l  a c i d  g a s  removal  system i s  r e q u i r e d  downstream of t h e  
s h i f t - m e t h a n a t i o n  p r o c e s s  t o  remove t h e  h i g h  c o n c e n t r a t i o n  of  CO2. 

The d i r e c t  m e t h a n a t i o n  p r o c e s s  b e i n g  developed f o r  G R I  shows s i g n i f i c a n t  
improvements o v e r  t h e  c o n v e n t i o n a l  methanat ion  and combined s h i f t - m e t h a n a t i o n  
p r o c e s s e s .  The d i r e c t  m e t h a n a t i o n  p r o c e s s ,  shown i n  F i g u r e  l C ,  methanates  t h e  
raw gas  d i r e c t l y  u s i n g  e q u a l  molar  c o n c e n t r a t i o n s  of carbon monoxide and 
hydrogen t o  form carbon d i o x i d e  and  w a t e r .  The c h e m i s t r y  of t h e  p r o c e s s  i s  
such  t h a t  s team i s  n o t  needed e i t h e r  t o  s u p p r e s s  carbon f o r m a t i o n  o r  t o  d r i v e  
t h e  water-gas s h i f t  r e a c t i o n .  Although t h e  o v e r a l l  r e a c t i o n  f o r  combined 
s h i f t - m e t h a n a t i o n  i s  t h e  same a s  f o r  d i r e c t  methanat ion  (Equat ion  3 ) ,  t h e  mech- 

"sweet" p i p e l i n e  g a s  can  c o n t a i n  4 ppm hydrogen s u l f i d e  (0.25 g r a i n s / 1 0 0  s c f ) ,  / 

I 

r a t i o  of  t h e  i n p u t  g a s  i s  m a i n t a i n e d  above 2.85 a n d / o r  e x c e s s  s team i s  added. I 

2CO 4- 2H2 = CH4 + CO2 3) 

anism appears  d i f f e r e n t  i n  t h a t  Cog i s  produced d i r e c t l y  r a t h e r  t h a n  by t h e  
w a t e r - g a s  s h i f t ,  t h u s  e l i m i n a t i n g  t h e  h i g h  s team requi rement .  The process  
shows p o t e n t i a l  s a v i n g s  i n  steam usage  and a c i d  g a s  removal. Other  p r o c e s s  
advantages  a r e  expanded upon i n  t h e  remainder  of  t h e  paper .  

111 .DIRECT METHANATION CATALYST DEVELOPMENT 

C a t a l y s i s  Research  C o r p o r a t i o n  (CRC), l o c a t e d  i n  P a l i s a d e s  Park ,  New J e r s e y ,  
i s  r e s p o n s i b l e  f o r  i t e r a t i v e l y  d e v e l o p i n g  n o v e l  c a t a l y s t  f o r m u l a t i o n s ,  
performing scoping  t es t s  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  of t h e  f o r m u l a t i o n s ,  
and propos ing  p r o c e s s  sequences  t h a t  b e s t  u t i l i z e  t h e  a d v a n t a g e s  of t h e  most 
promising c a t a l y s t s .  During t h e  l a s t  s i x  y e a r s ,  CRC h a s  t e s t e d  o v e r  600 new 
c a t a l y s t  f o r m u l a t i o n s  r e s u l t i n g  i n  s e v e r a l  composi t ions  t h a t  have promise f o r  
a p p l i c a t i o n  both i n  a c o n v e n t i o n a l  m e t h a n a t i o n  p r o c e s s  and i n  a new d i r e c t  
methanat ion  p r o c e s s .  
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The c a t a l y s t  development  program f o r  a s u l f u r - r e s i s t a n t  methanat ion  c a t a l y s t ,  
f rom 1974-1978, l e a d  t o  two p a t e n t e d  c a t a l y s t  f o r m u l a t i o n s .  I n  1977,  P a t e n t  
4 ,151,191 was i s s u e d  t o  CRC f o r  a cerium-molybdenum c a t a l y s t ,  d e s i g n a t e d  a s  
G R I  S e r i e s  200 (GRI-C-284). I n  1981,  P a t e n t  4 ,260,553 w a s  i s s u e d  t o  CRC f o r  a 
cerium-molybdenum-aluminium c a t a l y s t ,  d e s i g n a t e d  as G R I  S e r i e s  300 
(GRI-C-318). Both p a t e n t s  were a s s i g n e d  t o  G R I .  These c a t a l y s t s  s a t i s f i e d  
t h e  o r i g i n a l  p r o j e c t  o b j e c t i v e  of  deve loping  a s u l f u r - r e s i s t a n t  methanat ion  
c a t a l y s t ;  however, t h e y  a l s o  l e a d  t o  a new a r e a  of  s tudy .  

I n  1979, a second breakthrough was made i n  t h e  CRC c a t a l y s t  f o r m u l a t i o n  work. 
A new fami ly  of c a t a l y s t s ,  t h e  G R I  S e r i e s  400 and 500 c a t a l y s t s ,  were 
developed t h a t  promote t h e  d i r e c t  methanat ion  r e a c t i o n  (Equat ion  3 )  r a t h e r  
t h a n  t h e  water-gas  s h i f t  r e a c t i o n  (Equat ion  1). These c a t a l y s t s  p r o v i d e  the 
key t o  t h e  new d i r e c t  methanat ion  p r o c e s s .  The o v e r a l l  p r o j e c t  o b j e c t i v e  was 
changed t o  r e f l e c t  t h i s  breakthrough,  and s u b s e q u e n t i a l  work c o n c e n t r a t e d  o n  
deve loping  a d i r e c t  methanat ion  p r o c e s s .  

The p r e s e n t  series of  c a t a l y s t s  a r e  t h e  most a c t i v e  c a t a l y s t s  y e t  deve loped .  
These c a t a l y s t s  show s u f f i c i e n t l y  h igh  c o n v e r s i o n  and s e l e c t i v i t y  such  t h a t  
they  can  be used i n  a d i r e c t  methanat ion  p r o c e s s  t h a t  i n v o l v e s  no gas  
r e c y c l i n g  and u s e s  o n l y  a s i n g l e  a c i d  g a s  removal  system. They c a n  o p e r a t e  
wi th  f e e d  g a s e s  c o n t a i n i n g  h i g h  l e v e l s  of  s u l f u r  compounds and Cog. Carbon 
format ion  has  n o t  been observed ,  even w i t h  H z / C O  r a t i o s  a s  low a s  0.1 and 
wi th  no steam a d d i t i o n ,  and t h e  c a t a l y s t s  have h igh  maximum o p e r a t i n g  
tempera tures .  The c a t a l y s t  a r e  very  easy  t o  h a n d l e ;  they  c a n  be exposed t o  
a i r  a t  room t e m p e r a t u r e  w i t h  no l o s s  of  a c t i v i t y ,  and t h e r e f o r e ,  they  r e q u i r e  
l i t t l e  o r  no p r e t r e a t m e n t .  

I V .  DIRECT METHANATION CATALYST CHARACTERIZATION 

SRI I n t e r n a t i o n a l ,  l o c a t e d  i n  Menlo Park ,  C a l i f o r n i a ,  i s  r e s p o n s i b l e  f o r  
c h a r a c t e r i z i n g  t h e  promis ing  c a t a l y s t s  developed by CRC. The s t u d i e s  a r e  
i n t e n d e d  t o  d e f i n e  t h e  b u l k  and s u r f a c e  p r o p e r t i e s  t h a t  a f f e c t  t h e  s p e c i f i c  
methanat ion  a c t i v i t y ,  thermal  s t a b i l i t y ,  and d e a c t i v a t i o n  r e s i s t a n c e  of  t h e s e  
c a t a l y s t s  a s  a n  a i d  i n  f u r t h e r  development  and improvement. SRI h a s  been 
involved  wi th  t h e  Direct Methanat ion  P r o j e c t  s i n c e  1977,  b u t  a l s o  has  
developed c a t a l y s t s  under  c o n t r a c t s  t o  t h e  American Gas A s s o c i a t i o n  (A.G.A.) 
s i n c e  1972. 

The d i r e c t  methanat ion  p r o c e s s  r e q u i r e s  a c a t a l y s t  t h a t  s e l e c t i v e l y  promotes  
t h e  d i r e c t  m e t h a n a t i o n  r e a c t i o n  (Equat ion  3 ) .  C a t a l y s t  s e l e c t i v i t y  and 
a c t i v i t y  can  be s t r o n g l y  dependent  upon both  t h e  comp.osition and morphology of 
t h e  c a t a l y s t .  Development of b a s i c  methods t o  r e l a t e  microcomposi t iona l  and 
morphological  p r o p e r t i e s  of t h e  c a t a l y s t  t o  s e l e c t i v i t y  and a c t i v i t y  i s  
v i t a l l y  impor tan t  i n  t h e  development  of improved c a t a l y s t s  and g a s  p r o c e s s e s  
f o r  c o a l  convers ion  p l a n t s .  Work be ing  performed by S R I  i s  i n t e n d e d  t o  r e f i n e  
measurement t e c h n i q u e s  s u i t a b l e  f o r  u n d e r s t a n d i n g  t h e  observed behavior  o f  t h e  
d i r e c t  methanat ion  c a t a l y s t s .  

In  o r d e r  t o  e v a l u a t e  c a t a l y s t  s t r u c t u r e ,  SRI had t o  deve lop  o r  improve new 
e x p e r i m e n t a l  t e c h n i q u e s  u t i l i z i n g  (1) x-ray p h o t o e l e c t r o n  s p e c t r o s c o p y  (XPS o r  
ESCA), ( 2 )  scanning  e l e c t r o n  microscopy (SEM), and ( 3 )  BET s u r f a c e  a r e a  
measurements t o  p r o v i d e  i n f o r m a t i o n  on s t r u c t u r a l  changes of  c a t a l y s t s .  
D i s p e r s i o n  and s i n t e r i n g  s t a b i l i t y  s t u d i e s  have been performed u s i n g  x-ray 
d i f f r a c t i o n  (XRD), SEM, and ESCA t o  d e f i n e  changes  i n  t h e  p r o p e r t i e s  t h a t  
c o n t r o l  methanat ion  a c t i v i t y .  S o l i d  s t a t e  p r o p e r t i e s  of t h e  c a t a l y s t s  have 
been determined by a v a r i e t y  of s u r f a c e  s c i e n c e  t e c h n i q u e s .  

Because of its n a t u r e ,  most of t h e  work performed by SRI is p r o p r i e t a r y ;  a 
g e n e r a l  d i s c u s s i o n  of some a s p e c t s  of t h e  work f o l l o w s .  F i r s t ,  t es t s  were 
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performed t o  s t u d y  s t r u c t u r a l  changes  of t h e  c a t a l y s t  d u r i n g  methanat ion .  
This  r e s u l t e d  i n  t h e  d i s c o v e r y  of  a c r i t i c a l  f o r m u l a t i o n  v a r i a b l e  t h a t  
c o n t r o l s  t h e  s p e c i f i c  m e t h a n a t i o n  a c t i v i t y .  L a t e r ,  d i s c o v e r y  of a c o r r e l a t i o n  
between methanat ion  a c t i v i t y  and s u r f a c e  a c i d i t y ,  as measured by q u a n t i t a t i v e  
a b s o r p t i o n  o f  a weak base  (ammonia), s i m p l i f i e d  c a t a l y s t  e v a l u a t i o n .  F i n a l l y ,  
a p r e l i m i n a r y  e x p l a n a t i o n  of  t h e  mechanism by which t h e  G R I  S e r i e s  400 and 500 
c a t a l y s t s  o p e r a t e  was deve loped .  

V .  DIRECT CATALYST METHANATION EVALUATION 

The I n s t i t u t e  of Gas Technology (IGT),  l o c a t e d  i n  Chicago,  I l l i n o i s ,  i s  
r e s p o n s i b l e  f o r  e v a l u a t i n g  t h e  promis ing  c a t a l y s t  f o r m u l a t i o n s  prepared  by CRC 
us ing  feed  g a s e s  t h a t  s i m u l a t e  g a s i f i e r  e f f u e n t s  and developing  t h e  process  
d e s i g n  d a t a  f o r  promis ing  c a t a l y s t s  i n  v a r i o u s  p r o c e s s i n g  sequences .  The 
s t u d i e s  a r e  i n t e n d e d  t o  t e s t  t h e  c a t a l y s t s  f o r  l o n g e r  times and a t  more s e v e r e  
and r e a l i s t i c  c o n d i t i o n s  t h a n  t h e  scoping  tests performed by CRC. I G T  has 
been involved  w i t h  t h e  Direct Methanat ion  P r o j e c t  s i n c e  1978,  bu t  a l s o  has 
e v a l u a t e d  c a t a l y s t  under  c o n t r a c t s  t o  A.G.A. s i n c e  1972.  

The G R I  S e r i e s  500 c a t a l y s t s  a r e  t h e  b e s t  methanat ion  c a t a l y s t s  t e s t e d  t o  
d a t e .  They are  c a p a b l e  of  promot ing  t h e  m e t h a n a t i o n  r e a c t i o n  a t  tempera tures  
from 600° t o  1200°F, a t  a l l  p r e s s u r e s  from 200 t o  1000 p s i g ,  a t  f e e d  gas  
H 2 / C O  mole r a t i o s  from 3 down t o  0 .5 ,  and i n  t h e  presence  of up t o  3 mole % 
s u l f u r  (H2S, COS, CS2, CH3SH, C2H5SH, C3H7SH, and CqHqS). 
No carbon f o r m a t i o n  was d e t e c t e d  under  any of t h e  above mentioned c o n d i t i o n s .  
The presence  of C02 i n  t h e  f e e d  r e t a r d e d  t h e  t o t a l  CO c o n v e r s i o n  but  d i d  not 
promote any o t h e r  r e a c t i o n s .  Hydrocarbon a d d i t i o n s  of up t o  2 mole % 
C6H6, 0.05 mole % C6H50H, and 0.3 mole % NH3 d i d  n o t  p o i s o n  o r  f o u l  
t h e  c a t a l y s t s .  L i f e  t e s t s  were conducted  on t h e  G R I  S e r i e s  200 c a t a l y s t s  f o r  
more than  5000 hours ,  and ongoing l i f e  tests of  t h e  G R I  S e r i e s  500 c a t a l y s t s  
have extended f o r  more t h a n  2500 hours .  

The promising c a t a l y s t s  were a l s o  t e s t e d  i n  v a r i o u s  p r o c e s s i n g  sequences  t o  
provide  p r o c e s s  d e s i g n  d a t a .  IGT t e s t e d  t h e  e f f e c t s  of s p a c e  v e l o c i t y ,  
t empera ture ,  p r e s s u r e ,  and f e e d  composi t ion  on t h e  c o n v e r s i o n  of CO and Hg 
t o  CH4 and CO2 by t h e  d i r e c t  methanat ion  p r o c e s s .  The f e e d  g a s  s imula ted  
a g a s i f i e r  e f f l u e n t .  The p r o d u c t  composi t ion  of  e a c h  r e a c t o r  was used as t h e  
feed  composi t ion  f o r  e a c h  s u c c e s s i v e  r e a c t o r  s t a g e ,  and r u n s  a t  i d e n t i c a l  
t empera ture  and p r e s s u r e  were conducted .  This  approach  g e n e r a t e d  i n f o r m a t i o n  
on t h e  p r o c e s s  v a r i a b l e s  a t  e a c h  r e a c t o r  s t a g e ,  provided i n p u t  f o r  p r o c e s s  
d e s i g n ,  and served  as a g u i d e l i n e  f o r  c a t a l y s t  improvement. 

w e n c h  g a s e s  s i m u l a t i n g  t h o s e  from t h e  dry-bottom Lurgi ,  S l a g g i n g  Lurgi ,  
Westinghouse and HYGAS p r o c e s s e s  were t e s t e d .  For c a s e s  where t h e  H 2 / C O  
r a t i o  i s  less than  1, as i n  t h e  S lagging  L u r g i  c a s e  a t  H2/CO = 0.4, a 
p r e c o n d i t i o n i n g  s h i f t  was r e q u i r e d  t o  i n c r e a s e  t h e  H 2 / C O  r a t i o  t o  1.1 t o  
1.3. The p r o c e s s  s team r e q u i r e m e n t s  a r e  t h e r e f o r e  much lower t h a n  r e q u i r e d  
f o r  s h i f t i n g  t h e  g a s  t o  3 as  needed f o r  n i c k e l  methanat ion  c a t a l y s t s .  The 
s h i f t  was performed w i t h  a CRC developed ,  GRI  S e r i e s  300 c a t a l y s t  and r e q u i r e d  
o n l y  16% steam i n  t h e  f e e d  g a s  t o  t h e  methanat ion  s t e p ,  as shown i n  F igure  2 .  
Typica l  d a t a  f o r  a S l a g g i n g  L u r g i  f l o w s h e e t  a r e  shown i n  F i g u r e  3 f o r  t h e  
f i r s t  r e a c t o r  s t a g e .  

V I .  DIRECT PROCESS METHANATION EVALUATION 

C F Braun & Company, l o c a t e d  i n  Alhambra, C a l i f o r n i a ,  is t h e  e n g i n e e r i n g /  
c o n s t r u c t i o n  f i r m  r e s p o n s i b l e  f o r  deve loping  c o n c e p t u a l  p r o c e s s e s  from t h e  
d e s i g n  d a t a  c o l l e c t e d  by IGT a n d  from t h e  p r o c e s s  sequences  recommended by 
CRC. F i r s t - c u t  economic e v a l u a t i o n s  a r e  t h e n  performed based on t h e  
c o n c e p t u a l  p r o c e s s  d e s i g n .  The c o n c e p t u a l  p r o c e s s  d e s i g n  work i n c l u d e s  
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P r e p a r i n g  process  f low d iagrams and s i z i n g  equipment .  C a p i t a l  c o s t  and 
o p e r a t i n g  requi rements  estimates are used i n  t h e  economic e v a l u a t i o n  t o  
de te rmine  gas  c o s t s .  

A p r e l i m i n a r y  economic e v a l u a t i o n  was conducted i n  1979 ,  based on  t h e  u s e  of  a 
G R I  S e r i e s  300 c a t a l y s t .  The r e s u l t s  i n d i c a t e d  t h e  concept  would n o t  be 
c o m p e t i t i v e  because t h e  d e s i g n  r e q u i r e d  CO2 removal p r i o r  t o  methanat ion .  
However, C o g  removal i s  n o t  r e q u i r e d  w i t h  t h e  u s e  of  t h e  G R I  S e r i e s  400 and 
500 c a t a l y s t s ,  because t h e s e  c a t a l y s t s  have good a c t i v i t y  i n  streams w i t h  a 
h i g h  Cog c o n t e n t .  

A f i r s t - c u t  a n a l y s i s  of  t h e  d i r e c t  m e t h a n a t i o n  p r o c e s s  f o r  a S lagging  Lurgi  
g a s i f i e r  raw g a s  was j u s t  completed.  The a n a l y s i s  compared a 250 b i l l i o n  
Btu/day Slagging  L u r g i  g a s i f i c a t i o n  p l a n t  w i t h  a combined s h i f t - m e t h a n a t i o n  
p r o c e s s  t o  a p l a n t  des igned  around t h e  d i r e c t  methanat ion  p r o c e s s .  The d e s i g n  
of  t h e  g a s i f i e r  w a s  no t  changed,  bu t  t h e  o v e r a l l  downstream p r o c e s s ,  u t i l i z i n g  
commercial ly  a v a i l a b l e  subsys tems,  was r e d e s i g n e d  t o  b e s t  e x p l o i t  t h e  d i r e c t  
methanat ion  process  advantages .  A s i m p l i f i e d  f l o w s h e e t ,  based on  a G R I  S e r i e s  
500 c a t a l y s t ,  i s  shown i n  F i g u r e  4 .  

The pre l iminary  r e s u l t s  show t h e  d i r e c t  methanat ion  p r o c e s s  could  reduce  
c a p i t a l  c o s t s  o v e r  202, o p e r a t i n g  c o s t  by l o%,  and reduce  t h e  g a s  c o s t  by 
about  15%. The s a v i n g s  are r e a l i z e d  i n  reduced steam r e q u i r e m e n t s  and more 
e f f i c i e n t  s u l f u r  management p r o c e s s e s  s p e c i f i c a l l y  f o r  t h i s  a p p l i c a t i o n .  
F u r t h e r  s a v i n g s  were a n t i c i p a t e d  when new subsys tems are developed 
s p e c i f i c a l l y  f o r  use w i t h  d i r e c t  methanat ion .  

V I1 . C ONCLUS IONS 

The c u r r e n t  G R I  p r o j e c t  t o  deve lop  a d i r e c t  methanat ion  p r o c e s s  i s  making 
e x c e l l e n t  t e c h n i c a l  p r o g r e s s .  Direct methanat ion  p r o c e s s e s  u t i l i z i n g  t h e  CRC 
c a t a l y s t s  could p o t e n t i a l l y  r e a l i z e  t h e  f o l l o w i n g  a d v a n t a g e s  o v e r  e x i s t i n g  
techno logy : 

Reduced p l a n t  i n v e s t m e n t ,  o p e r a t i n g  c o s t s ,  and g a s  c o s t s  
E f f e c t i v e  hydrogen u t i l i z a t i o n  
One a c i d  g a s  removal s t e p  
Smal le r  a c i d  g a s  removal f e e d  s t r e a m  
Higher  energy  e f f i c i e n c y  
S u l f u r  t o l e r a n c e  
Carbon f o u l i n g  t o l e r a n c e  
Lower p r o c e s s  steam r e q u i r e m e n t s  
Decreased h e a t  exchange a r e a  

I f  t h e  development c o n t i n u e s  t o  be s u c c e s s f u l ,  t h e  d i r e c t  methanat ion  p r o c e s s  
w i l l  be pursued through t h e  p i l o t  p l a n t  scale t o  provide  t h e  technology base 
r e q u i r e d  f o r  commercial  a p p l i c a t i o n .  
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A - CONVENTIONAL GAS PROCESSING SYSTEM 
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FIGUR? 2. P E C O N D I T I O N I N G  SLAGGING LURGI 
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